Introduction
Generally, meat and meat products are highly vulnerable to microbial contamination on account of a high water activity, high protein content, and relatively large content of free amino acids (1, 2) . In order to maintain good meat and meat products quality and extend the shelf life during storage, preservatives and antioxidants such as nitrites, butylated hydroxyanisole (BHA), and butylated hydroxytoluene (BHT) have been widely used in meat products (3) . However, these chemical and synthetic preservatives are harmful to human health due to potential toxicity if consumed over a prolonged period. Thus, there are increasing demands for natural preservatives in meat products (4) (5) (6) .
Glycinin basic polypeptide (GBP), a basic subunit of soybean glycinin stemming from natural soybeans, is a cationic peptide with a molecular weight of approximate 20 kDa that is linked to the acid subunit of soybean glycinin by a single disulfide bond. GBP is a white powder lacking both color and odor with a low solubility in water and hydro-phobicity. GBP has a cationic nature that can attack the bacterial cell wall membrane (7) (8) (9) (10) (11) . Sitohy et al. (11) showed that GBP exhibited antibacterial activities against Listeria monocytogenes, Bacillus subtilis, and Salmonella enteritidis at a minimum inhibitory concentration of 50 µg/mL. Moreover, GBP inhibited propagation of Listeria mono-cytogenes, Salmonella enteritidis, and Bacillus subtilis inoculated into pasteurized milk after 16-20 days of storage at 4 o C (11). Sitohy et al. (11) also reported that the antibacterial mechanism of GBP might be from the reaction with the bacterial cell wall membrane due to a cationic and hydrophobic nature. Li et al. (12) reported that GBP interacted with the cell surface of Escherichia coli by electrostatic attraction, then changed the morphology and damaged the cell membrane structure of E. coli cells, leading to membrane permeability and, eventually, cell death. Therefore, GBP can be used as a substitute or supplement for synthetic preservatives in meat and meat products due to bacteriostasis.
Sensory properties, pH, α-thiobarbituric acid (TBA), total volatile base nitrogen (TVB-N), and total viable count (TVC) values of meat and meat products have been used for evaluation of pork quality (13) . Lipid oxidation is a critical factor in food deterioration. The α-thiobarbituric acid (TBA) value is widely used as index of lipid oxidation based on measurement of the malonaldehyde content. The TBA value increases with a rising degree of lipid oxidation (14) (15) (16) . The TVB-N value, a parameter that quantifies compounds composed of ammonia and primary, secondary, and tertiary amines, is widely used as an indicator of muscle tissue deterioration (3) . An increase in TVB-N values is connected with activities of spoilage bacteria and endogenous enzymes. During storage, pork deterioration occurs due to growth and reproduction of spoilage bacteria, which contribute to degradation of pork proteins into nitrogenous alkaline autolysis compounds and production of bacterial metabolites (3, 16, 17) . Thus, both pH and TVB-N values increase. (20) showed that methylated soybean proteins counteracted re-contamination and extended the shelf life of pasteurized milk during cold storage based on analysis of pH and TVC values. Rodríguez-Carpena et al. (21) indicated that avocado byproducts could be used as outstanding inhibitors of color deterioration, lipid oxidation, and protein denaturation during cold storage of raw porcine patties based on investigation of changes in TBA values.
No reports are known regarding effects of GBP on qualities and physicochemical properties of chilled pork. The main purpose of this study was determination of indices of physicochemical sensory properties, pH, TVB-N, TBA values, microbiological characteristics of TVC values for chilled pork treated with GBP, and evaluation of preservative and antimicrobial effects of GBP in chilled pork during storage.
Material and Methods
Preparation and purification of GBP and treatment of chilled pork Defatted soybean flakes purchased from Scents Holding Co., Ltd., (Jinan, China), were ground using an attritor (JP-300A-8; Jiupin Industry and Trade Co., Ltd., Yongkang, China) for passage through a 1 mm sieve and obtained powder was used for isolation of glycinin following the method reported by Nagano et al. (22) . Glycinin was dissolved in 30 mM Tris buffer (pH=8.0) containing 15 mM β-mercaptoethanol to a final concentration of 2% (w/v). The protein solution was heated by a water bath kettle (DK-8D; Jinyi Instrument Technology Co., Ltd., Jiangsu, China) to 90 o C for 30 min, then centrifuged using a high-speed refrigerated centrifuge (TGL-16/TGL16; Xiangyi Instrument Co., Ltd., Changsha, China) at 11,000×g at 4 o C for 15 min. The precipitate of crude GBP was washed thrice with a small amount of 30 mM Tris buffer (pH=8.0) dispersed in distilled water, then freeze-dried by a lyophilizer (DS-0.7HTF; Dingsheng Machinery Co., Ltd., Shanghai, China). Crude GBP was dissolved in 10 mM phosphate buffer (pH=7.2) to a final concentration of 1 mg/mL, then eluted using the same phosphate buffer (pH=7.2) on a Sephadex G-150 apparatus (2×35 cm) (Shanghai Troody Analytical Instruments Co., Ltd., Shanghai, China) at 2 mL/min. The eluent containing purified GBP was collected and freeze-dried, then ground into a powder using an attritor (JP-300A-8; Jiupin Industry and Trade Co., Ltd.) for subsequent experimentation.
Chilled pork was procured from a local supermarket in Jinan, China in June of 2014 and cut into uniform 1×1×1 cm blocks with an average weight of approximately 5 g, and blocks were evenly divided into 6 groups. Blocks of each group were dipped into 0, 0.04, 0.08, 0.12, 0.16, and 0.20% GBP dispersion liquids for 1 min, then drained for 1 min on a sterile stainless steel mesh screen. Blocks were then packed in sterile plastic bags and stored at 4 o C for 8 days. Block samples were taken from each package and minced using a mincer (JYS-A850; Joyoung Co., Ltd., Jinan, China) before sensory properties, pH, TVB-N, TBA, and TVC values were determined at regular intervals.
Sensory Evaluation Chilled pork treated with different GBP concentrations for 8 days was subjected to consumer acceptability testing. Seventy-two consumer panelists from the staff and student body, both undergraduate and graduate, of Qilu University of Technology consisting of 35 females and 37 males of 22-35 years of age were recruited. Chilled pork treated with 0, 0.04, 0.08, 0.12, 0.16, and 0.20% GBP was baked in a microwave oven for 4 min at 700 W and the same amount of pork per treatment was immediately served to panelists, who were provided with fresh water for palate cleansing and removal of residual flavors between pork samples. Panelists evaluated appearance, odor, texture, taste, and overall acceptability of chilled pork using a 9 point hedonic scale of 1=extremely dislike, 2=dislike very much, 3=dislike, 4 = slightly dislike, 5=neither like nor dislike, 6=a bit like, 7=like, 8=like very much, 9=extremely like (23).
Determination of pH For pH measurement, as described by Duan et al. (2) and Souza et al. (16) with slight modification, 5 g of chilled pork was homogenized in 95 mL of distilled water using an homogenizer (Stomacher 80; Seward Medical, Worthing, UK) and the homogenate was filtered through 4.5 µm filter paper (Whatman International Co., Ltd., Maidstone, England). The filtrate pH was measured using a Sartorius PB-10 digital pH meter (Sartorius AG, Gottingen, Germany).
Determination of total volatile basic nitrogen (TVB-N) contents
TVB-N values of chilled pork were determined following a modified method of Goulas and Kontominas (24) . Five g of chilled pork was placed into a conical flask with addition of 50 mL of distilled water. After shaking for 30 min by a constant temperature shaker (THZ-103B; Yiheng Co., Ltd., Shanghai, China) at 150 r/min, the mixture was filtered through 4.5 µm filter paper (Whatman) and the filtrate was stored at 4 o C. A 5 mL aliquot of an absorbing solution of 20 g/mL boric acid (Lanyu Reagent Co., Ltd., Jinan, China) and 3 to 4 drops of a mixed indicator solution of 2 g/L methyl red-ethanol (Lanyu Reagent Co., Ltd.) and 1 g/L methylene blue (Lanyu Reagent Co., Ltd.) were placed into a conical flask and blended evenly by shaking. The conical flask was then placed at the bottom of the condenser of a distillation device. A 2 mL aliquot of the previous filtrate was mixed evenly with an equal volume of a 10 g/L magnesia suspension, followed by distillation for 5 min in the reaction chamber of the distillation device (FSZ2-1000; Yuecheng Drug Chemical Equipment Co., Ltd., Changzhou, China). The resulting distillate was dropped into the previous conical flask, then the mixture in the flask was titrated using 0.01 M hydrochloric acid (HCl). A reagent blank was analyzed simultaneously. TVB-N contents expressed as mg/100 g in samples were calculated as: TVB-N (mg/100 g)= where V 1 =HCl volume of samples in mL; V 2 =HCl volume of a reagent blank in mL, c=concentration of HCl (M), and m=samples weigh (g).
Determination of 2-thiobarbituric acid (TBA) values TBA values as malonaldehyde were determined following the method of Souza et al. (16) with modification. Four hundred mg of chilled pork along with a 2 mL aliquot of 1-butanol (AR) was placed into a 50 mL volumetric flask, then distilled water was added up to 50 mL with mixing by shaking. A 5 mL aliquot of the resulting mixture and 5 mL of TBA reagent prepared via dissolution of 200 mg of TBA in 100 mL of 1-butanol followed by filtration through filter paper were pipetted into a dry, stoppered test tube, which was then placed in a water bath at 95 o C for 120 min, followed by chilling in a refrigerator (DW-86L058; Dawei Science Instrument Co., Ltd., Hangzhou, China). Absorbance (A s ) values of samples were measured at 530 nm using a spectrophotometer (UV1902PC; Aucy Technology Instrument Co., Ltd., Shanghai, China). The absorbance value of a mixture of 5 mL of sterile water with 5 mL of TBA reagent (A b ) was expressed as mg of malonaldehyde per kg of meat, and calculated as:
TBA (mg/kg)= Microbiological analysis TVC values of minced pork were measured following modification of the method of Ojagh et al. (25) . Five g of chilled pork was transferred to a 100 mL beaker and 95 mL of sterilized peptone water was added. The mixture was homogenized for 2 min using a homogenizer (Stomacher 80; Seward Medical). Then, plate count agar consisting of 0.5 g of tryptone, 0.25 g of yeast extract, 1 g of glucose, and 1.5 g of agar dissolved in 100 mL of distilled water and Petri dishes were prepared and autoclaved using a pressure steam sterilizer (LDZH-100KBS; Shenan Medical Instrument Factory, Shanghai, China) at 121 o C for 22 min. A 0.1 mL aliquot of serial dilutions of homogenates was spread on the surface of solidified medium in Petri dishes and incubated in an incubator (LRH-70F; Silan Instrument Co., Ltd., Shanghai, China) at 37 o C for 10 days for determination of total numbers of bacteria on plate count agar, which were counted at regular intervals of 0, 2, 4, 6, 8, and 10 days after incubation. Values were transformed into logarithms of numbers of colony-forming units (CFU/g). 
Statistical analysis

Results and Discussion
Effect of GBP on sensory properties of chilled pork Sensory properties of chilled pork treated with different concentrations GBP during 8 storage days at 4 o C are shown in Fig. 1 . Pork would not be accepted by consumers until the sensory score of overall acceptability was greater than 4.0 (4=slightly dislike). All sensory scores displayed a downward trend with storage time (Fig. 1) . Moreover, there was a significant (p<0.05) decline in all sensory scores for control pork samples with increasing storage time when compared with treatment samples. On the fourth day, control pork samples received an average sensory score of 4.0, indicating forthcoming deterioration. Control pork samples were evaluated as putrefied with an average overall acceptability score of 2.2 (2=dislike very much, 3=dislike) on day 6. Sensory scores of pork samples treated with 0.04, 0.08, and 0.12% GBP were approximately 4.4 on day 6, that were similar to controls on day 4.0. However, on day 6, pork samples treated 0.16 and 0.20% GBP exhibited average scores of 7.1, an acceptable evaluation that was a signicant (p<0.05) increase, compared with controls with average scores of 2.3. All sensory properties, including appearance, texture, odor, taste, and overall acceptability of chilled pork samples received unacceptable scores on day 8 with all scores lower than 4 (slightly dislike). Thus, GBP improved sensory properties of meat during chilled storage. Moreover, 0.16 and 0.20% GBP resulted in a significant (p<0.05) preservative effect for chilled pork on day 6 of storage, compared with controls. No significant (p>0.05) differences between 0.16 and 0.20% GBP treated pork samples in sensory scores were identified. Therefore, 0.16% GBP was the optimal treatment concentration with an overall acceptability score of 7.0 (like) on day 6 of storage.
Similar results have been reported. Fan et al. (3) reported rapid decreases in all sensory scores for fish with an increasing storage time. Li et al. (18) reported that 1.25 and 1.50% ε-polylysine treatments markedly improved sensory properties during storage and prolonged the shelf life of chilled pork to 6 days, similar to results reported in this study. A similar observation was reported by Osman et al. (26) where raw milk supplementation with the soybean 11S subunit enhanced the storage quality of bovine raw milk at room temperature and under cold conditions without significantly affecting sensorial properties. Osman et al. (27) reported that methylated soybean proteins could extend the storage time of raw milk at room temperature during manufacture of yoghurt without affecting the sensorial qualities of the final product, similar to results presented herein.
Effects of GBP on pH values of chilled pork An increase in pH values influences the quality of pork during chilled storage, particularly the sensory properties of odor, taste, and texture. Generally speaking, an increase in pH is connected with rapid pork deterioration involving formation of nitrogenous alkaline autolysis compounds and post-mortem production of bacterial metabolites in muscle tissues (28) .
Effects The tendency of pH increase reported herein was coincidental with the observation of Li et al. (18) who showed that pH values of chilled pork increased with an increase in ε-PL concentrations, similar to the report of Wang et al. (19) that pH values for pork samples treated with extracted housefly pupae peptides were lower than for untreated chilled pork samples during chilled storage. Mahgoub et al. (20) reported that methylated soybean proteins significantly prevented changes in pH values of pasteurized milk, inhibited growth of bacteria, and lengthened the shelf life of pasteurized milk from 6 to 16 days at 4 o C, and Mahgoub et al. (29) also revealed that esterified soybean proteins maintained the pH level of raw milk at pH 6.4 after 8 days of refrigerated storage, compared with 4 days for untreated raw milk, both reports in agreement with results reported herein. There were no significant (p>0.05) differences in TBA values of pork samples with an increasing GBP concentration. Therefore, GBP had no effect for reduction of TBA values in chilled pork, which indicated that GBP had no apparent anti-oxidant activity in chilled pork.
According to Fan et al. (3) , fish flesh usually takes on an objectionable odor when TBA values are higher than 1-2 mg/kg. Pearson et al. (32) found that pork has higher saturated fatty acid contents than other meats and fish. Therefore, TBA values of chilled pork in this study were higher than for values of fish reported by Fan et al. Effect of GBP on total viable counts (TVC) in chilled pork TVC values of chilled pork were affected by use of 0, 0.04, 0.08, 0.12, 0.16, and 0.20% GBP during 8 days of storage (Fig. 5) . There was an upward trend in values from an initial value of 2.75 of log 10 CFU/g for all pork samples with increasing storage time. TVC Values for treated pork samples increased from 2.75 to 7.01 at a slower rate than for control sample values that increased from 2.75 to 10.63 during Sitohy et al. (11) reported that GBP was more effective at killing pathogenic and spoilage bacteria than penicillin, and GBP effectiveness was associated with the basicity of the protein fraction, in agreement with results reported herein. The basicity of protein participated in empowering protein molecules with a specific reactivity for reactions with the bacterial cell wall membrane, similar to the report of Dhatwalia et al. (33) where wheat puroindoline protein exhibited activities against both Gram-positive and Gram-negative bacteria, and inhibited a wide range of microbial pathogens in crop plants. Das et al. (34) also reported that sesame peptides had bacteriostatic effects against pathogen growth. 
